MIC2 is characteristically expressed in lymphoblastic lesions and Ewing's/primitive neuroectodermal tumor sarcomas. Although MIC2 has recently been reported in chloroma and rare terminal deoxynucleotidyl transferase-positive acute myelogenous leukemia (AML), the incidence and the significance of MIC2 (CD99) immunoreactivity in myeloid lesions is not clear. In this study, we evaluated MIC2 positivity in a variety of myeloid diseases and normal marrow to determine its incidence and distribution in myeloid diseases; its correlation with flow cytometric and cytogenetic data in AML; and its association with leukemic transformation, relapse, and chloroma formation. Paraffin sections of 11 chloromas and 94 bone marrow core biopsies from 66 patients were stained with CD99 monoclonal antibody 12E7. Of 94 bone marrow core biopsies, there were 30 AML (fragment antigen binding M0 to M6), 23 remissions, 5 relapses, 12 myeloproliferative disorders, 13 myelodysplastic syndromes, and 11 normal marrows from patients who did not have leukemia. CD99 immunoreactivity was evaluated with light microscopy. MIC2 expression was seen in leukemic blasts in 6 of 11 chloromas (55%) and 13 of 30 AML (43%) but rarely in myeloproliferative disorders, myelodysplastic syndromes, remission, and normal marrow. CD99 tended to be positive in M1-, M3-, and HLA-Dr-negative AML and negative in AML with relapse. MIC2 expression did not correlate with the karyotype independent of FrenchAmerican-British Cooperative Group classification and the disease remission or occurrence of chloroma in AML. We concluded that MIC2 is commonly expressed in leukemic blasts of AML and is not predictive of leukemic transformation from myeloproliferative disorders and myelodysplastic syndromes or chloroma formation. Caution should be taken when using MIC2 as a marker for Ewing's sarcoma/ primitive neuroectodermal tumor or lymphoblastic lymphoma on paraffin sections of either soft tissue or bone marrow specimens.
Transmembrane glycoprotein p30/32 mic2 (CD99) is a product of the MIC2 gene located on the pseudoautosomal region of X and Y chromosomes. The MIC2 gene is virtually expressed in all human tissues (1) (2) (3) (4) (5) (6) . The detection of MIC2 expression by immunohistochemistry-utilizing antibodies, such as HBA71, 12E7, and O13, on routine paraffin sections is considered diagnostically useful for Ewing's sarcoma/primitive neuroectodermal tumor (PNET) and lymphoblastic tumors, when associated with the proper histologic background and immunoprofile (6 -11) . As a result of the antigen retrieval technology, however, more and more tumors now are reported to overexpress MIC2 (5, 12) . Immunohistochemical expression of MIC2 has been recently described in chloroma (granulocytic sarcoma) and rare terminal deoxynucleotidyl transferase (TdT)-positive acute myelogenous leukemia (AML) (13, 14) . However, MIC2 expression in a variety of myeloid disorders has not been systematically investigated, and little is known about the significance of detectable MIC2 expression in various myeloid diseases. The current study evaluated MIC2 expression in AML and its related diseases thereof in a large series to determine its incidence and distribution; its correlation with immunophenotypic and karyotypic data; and its potential for prediction of leukemic transformation, relapse, and chloroma formation.
DESIGN AND METHODS
Eleven chloroma cases were identified in the file of surgical pathology at Roswell Park Cancer Institute from 1995 to 1998. From the same period, 94 bone marrow biopsy specimens were randomly selected. There were 30 cases of AML (
, chronic myelogenous leukemia in blast phase [n ϭ 2]), 12 cases of myeloproliferative disorder (MPD), 13 cases of myelodysplastic syndrome (MDS), and 11 cases of normal hematopoietic marrow from patients who did not have leukemia. In 23 of the 30 patients with AML, remission marrows (RM) were also evaluated. Five of the patients with AML developed relapse in fewer than 6 months, and their relapsed marrow biopsies were included in the study. A total of 66 patients were included in the study. Each bone marrow biopsy was placed in 15 mL of B5 fixative at the time of the procedure. At arrival in the laboratory, 1 mL of 37% formalin was added to each container. The specimens were fixed for 2 to 2.5 h, then decalcified in CMS Protocol Decalcifier B (Fisher Scientific, Pittsburgh, PA) for 2.5 to 3 h before processing. Other specimens were fixed in 10% neutral buffered fixative for 6 to 12 h. Paraffin sections of the above specimens were stained with monoclonal CD99 antibody 12E7, 1:200 (DAKO, Carpinteria, CA), in an automated staining system (Ventana, Tucson, AZ) with a standard avidin-biotin-peroxidase complex method. Antigen retrieval with microwave oven at 100°C for 10 min in 0.01 M citrate buffer at pH 6.0 was applied before incubation of the primary antibody. The primary antibody was replaced by 1:1000 normal mouse serum on an additional section of each block as a negative control.
The CD99 immunostain was evaluated with light microscopy. Immunoreactivity was recorded as follows: no reactivity (Ϫ), positivity in fewer than 10 cells (Rϩ), positivity in more than 10 cells to 70% of the total cell population (ϩ). Data of the marrow flow cytometric and cytogenetic analyses performed at the time of the diagnosis in 29 patients with AML were available for correlation with MIC2 immunoreactivity.
RESULTS
Leukemic blasts expressed MIC2 gene product (CD99) as detected by monoclonal antibody 12E7 in 6 of 11 chloromas (55%) and 13 of 30 cases of AML (43%) on paraffin sections (Tables 1-3 ; Figs. 1 and 2 ). The CD99 immunoreactivity was characteristically membranous with light cytoplastic staining in some instances. Significant CD99 reactivity was also observed in 1 of 12 cases of MPD (8%) and 1 of 13 cases of MDS (8%) (Tables 1 and 4) . The only CD99-positive MPD was a case of polycythemia vera in blast phase, and the only CD99-positive MDS subsequently developed AML. However, three other CD99-negative MDS cases also developed AML. Rare MIC2-positive cells are seen in a few samples of normal blood marrow (Tables 1 and 4 ; Fig. 3A ). The morphology of MIC2-positive cells in the nonleukemic marrows seemed to be primitive myeloid precursors, though definitive lineage and the stage of early maturation of the cells cannot be fully determined on paraffin-immunostained sections. MIC2 immunoreactivity was also detected in reactive lymphoid aggregates, but there was no MIC2 immunoreactivity seen in mature myeloid cells, normal erythroid lineage, and megakaryocytes.
The MIC2 expression was not strictly limited to specific leukemic types in the modified FrenchAmerican-British Cooperative Group classification. It was detected most commonly in leukemic marrow of M1 (4 of (Tables 2 and 5) . Two of four originally CD99-negative M5 patients developed CD99-positive relapse or chloroma, respectively. The only M0 patient developed chloroma; CD99 was negative in the marrow but positive in the chloroma (Table 3) .
Seven of 23 RM (30%) contained rare (Ͻ10, Rϩ) CD99-positive cells (Fig. 3B ). Similar to the leukemic phase, the rare CD99-positive cells were more commonly seen in RM of M1 (3 of 4) and M3 (2 of 3), less commonly in M2 (1 of 4) and M4 (1 of 3), but not in any M5 or M6 cases. The rare cases of CD99 positivity (Rϩ) were seen in RM of either CD99-positive (4 of 7) or CD99-negative (3 of 7) AML ( Table 2) . Four of 16 patients with CD99-negative 
AML, acute myelogenous leukemia; RM, remission marrow; MPD, myeloproliferative disorder; MDS, myelodysplastic syndrome; ϩ, positivity in more than 10 cells to 70% of the total cell population; Rϩ, positivity in fewer than 10 cells.
a In blast phase. b Subsequently developed AML.
RM originally had CD99-positive AML. Four of the five patients with AML who experienced a relapse in 6 months were CD99 negative, and the fifth was CD99 positive in the relapse marrow only (Table 1) .
Of the seven patients with chloroma and whose AML marrow samples were tested, MIC2 immunoreactivity was positive in leukemic marrow and negative in chloroma in two, positive in chloroma and negative in marrow in two, negative in both marrow and chloroma in one, positive in both marrow and chloroma in one, and rarely positive (Rϩ) in marrow and positive in chloroma in one (Table  3) . One of the chloromas developed in a patient who did not have leukemia and was CD99 positive; this patient had originally been diagnosed with Ewing's/PNET sarcoma attributed to MIC2 reactivity ( Fig. 2; Table 3 ).
HLA-Dr was positive in only 3 of 12 cases (25%) of CD99-positive AML but in 10 of 14 cases (71%) of CD99-negative AML. Otherwise, there was no correlation between CD99 and expression of any specific myeloid surface markers in AML, as determined by flow cytometry (Table 5 ). MIC2 expression was associated with all three cases of M3 AML with t(15;17)(q22;q11) translocation but did not show a correlation with any specific abnormal karyotypes independent of FAB classification, as determined by cytogenetics (Tables 2 and 3) .
DISCUSSION
In soft tissue tumors, MIC2 expression has long been used as a diagnostic marker for Ewing's/PNET sarcomas, although recently, more and more tumors have been added to the list of tumors with MIC2 immunoreactivity (5) (6) (7) (8) (9) 12) . In hematopoietic diseases, MIC2 expression had also been considered a marker for the lymphoblast and its diseases (1, 10, 11) . Previously, in myeloid diseases, there was only one study describing MIC2 in rare TdTpositive AML (14) and another involving MIC2-positive chloromas (13) . Knowledge of MIC2 reactivity in chloromas and leukemic infiltrates has important clinical and diagnostic implications, as such tumors may be mistaken for small round cell sarcomas, such as Ewing's/PNET sarcoma (as occurred in one of our patients).
In this study, we systematically tested virtually all types of myeloproliferative diseases to evaluate better the distributions of MIC2 (CD99) reactivity. Using the decalcified B5 fixed bone marrow specimens, we were able to identify CD99 immunoreactivity in leukemic blasts in 43% of patients with AML. MIC2 expression does not seem to be restricted to certain leukemias in the FAB classification, but it tends to occur in acute nonlymphoid leukemias with differentiation toward myeloid lineages such as M1 to M4 AML, with the Table 3 ).
highest incidence in M1 and M3 (80% and 100%) and the lowest incidence in M5 and M6 (13%). Immunophenotypically, CD99 positivity seems to be more commonly detected in HLA-Dr-negative AML (67%) than in HLA-Dr-positive AML (23%). The significance of this inverse association is not clear. Although all three cases of M3 AML with t(15;17)(q22;q11) were CD99 positive, MIC2 expression does not correlate with any specific karyotypes independent of FAB classification. CD99 reactivity does not correlate with leukemic remission or development of chloroma in patients with AML. With limited numbers of relapsed AML tested, CD99 tended to be negative in those that relapsed in fewer than 6 months. Larger series of relapsed AML with proper follow-up and controls are necessary to evaluate further the significance of MIC2 expression in AML relapse.
TdT initially was considered a marker of immature lymphoid cells, and a high level of TdT is characteristically found in acute lymphoblastic leukemia or lymphoma (15) . Subsequently, some cases of AML were also found to be TdT positive. The incidence of TdT positivity in AML varies greatly in different studies, with an average of 18% of AML cases being TdT positive (16) . The level of TdT expression in TdT-positive AML is usually low. In some studies, it is more common in M0 to M2; in other studies, it is more common in M4 and M5 (16 -19) . CD99 has been shown to correlate with TdT positivity in acute lymphoblastic leukemia (14) . In the same series, one TdT-positive AML was also found to be CD99 positive. Because of the relatively high incidence of CD99 reactivity in AML and chloroma, particularly in M3 AML in our series, one can speculate that MIC2 expression is probably not limited to TdT-positive AML.
In contrast to AML, incidence of CD99 immunoreactivity was significantly lower in MPD and MDS (8%) and did not predict leukemic transformation in these diseases. Rare CD99-positive blasts (fewer than 10 cells) are found in 30% of the remission marrows and 45% of the normal hematopoietic marrows from patients who did not have leukemia, in which blast counts are normally low. Rare CD99-positive blasts (Rϩ) also tend to develop in the remission marrows of M1 and M3 patients, but this does not correlate with CD99 positivity in the corresponding leukemic phase. The rare CD99-positive cells also did not predict impending relapse; rather, the remission marrows of all five cases of AML relapse were CD99 negative.
Chloroma or granulocytic sarcoma can develop in a patient who does or does not have leukemia as a soft tissue mass, raising the differential diagnosis of round cell sarcomas (20, 21) . MIC2 expression has been frequently used as a marker, differentiating Ewing's/PNET sarcomas or lymphoblastic neoplasia from other round cell tumors (7) (8) (9) (10) (11) . However, because of the high incidence of detectable MIC2 expression in myeloid hematopoietic neoplasms, the use of CD99 immunoreactivity is of limited value in the differential diagnosis of round cell sarcomas versus lymphoblastic lesions versus chloroma, particularly in patients who do not have leukemia. Instead, the possibility of myeloid neoplasms, including chloroma, should be considered routinely with the known MIC2 (CD99)-positive round cell tumors, such as Ewing's/PNET sarcomas, lymphoblastic lesions, and others (13) .
In summary, MIC2 immunoexpression can be detected in nonlymphoid leukemic and nonleukemic blasts. MIC2 is more commonly expressed in M1-, M3-, or HLA-Dr-negative AML. There is no significant correlation of CD99 immunoreactivity with karyotype, independent of FAB classification, leukemic transformation from MPD and MDS, leukemic remission, or chloroma formation in AML. The significance of MIC2 negativity in AML relapse warrants further investigation. Because of the relatively high incidence of CD99 immunoreactivity, myeloid neoplasms, including chloroma, should be considered as one of the differential diagnoses in a MIC2 (CD99)-positive round cell tumor, regardless of the presence or absence of a leukemic phase and the known anatomic site of the tumor.
